Catalog of 86 single-nucleotide polymorphisms (SNPs) in three uridine diphosphate glycosyltransferase genes: UGT2A1, UGT2B15, and UGT8
Introduction
Uridine diphosphate glycosyltransferases (UDP glycosyltransferases; UGTs) represent a superfamily of enzymes Table 1 . Characterization of 100 variations in the UGT2A1, UGT2B15, and UGT8 loci Table 1 ).
Other types of variation, where present, are indicated below the genes constituents of myelin membranes of the central and peripheral nervous systems (Bosio et al. 1996; Kapitonov and Yu 1997) .
In this report we provide high-resolution singlenucleotide polymorphism (SNP) maps of three UGT gene loci, in which we detected a total of 86 SNPs and 14 variations of other types among 96 chromosomes from a representative Japanese population sample.
Subjects and methods
Blood samples were obtained with written informed consent from 48 healthy Japanese volunteers for this study, which was approved by the ethical committee of the RIKEN SNP Research Center. The detailed methods used to screen for SNPs are available in an earlier report (Ohnishi et al. 2000) and from our website (http://snp.ims.utokyo.ac.jp). In brief, on the basis of genomic sequences from the Genbank database in the United States National Center for Biotechnology Information (NCBI; accession numbers UGT2A1, AC011254.3; UGT2B15, AC019173.4; UGT8, U31353.1, U31461.1, U31658.1, U31861.1 and U32370.1), we designed primers to amplify all three genes in their entirety as well as 2-kb regions upstream of their first exons and downstream of their polyA sites (Iida et al. 2002) . However, we excluded from the screening process most regions that corresponded to repetitive sequences predicted by the RepeatMasker program (http://repeatmasker. genome.washington.edu/cgi-bin/RepeatMasker).
Each polymerase chain reaction (PCR) was performed with 20 ng of mixed genomic DNA derived from three individuals. All 16 mixed samples were amplified in the GeneAmp PCR System 9700 (PE Applied Biosystems, Foster City, CA, USA) under the following conditions: initial denaturation at 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 60°C for 30 s, and extension at 72°C for 2 min. Products obtained from the PCR experiments were used as templates for direct sequencing and detection of SNPs using the fluorescent dyeterminator cycle sequencing method. All SNPs detected by the Polyphred computer program (Nickerson et al. 1997) were confirmed by sequencing both strands of each PCR product. The nomenclature we have used for these genes is according to Online Mendelian Inheritance in Man of NCBI and a review published previously by Mackenzie et al. (1997) .
Results and discussion
Sequencing of approximately 36 kb of genomic DNA corresponding to three loci containing the UGT2A1, UGT2B15, and UGT8 genes identified a total of 100 variations among 48 Japanese individuals, including 86 SNPs and 14 variations of other types. The extent of each screened genomic sequence was 22.4 kb at the UGT2A1 locus, 10.8 kb at the UGT2B15 locus, and 2.8kb at the UGT8 locus, except for most of the regions corresponding to repetitive sequences. Fine-scale SNP maps of each locus were constructed (Fig.  1) . We found 57 SNPs at the UGT2A1 locus (1 in 393 bp on average), 27 at the UGT2B15 locus (1 in 401 bp), and 2 at the UGT8 locus (1 in 1385 bp). Detailed information about each SNP is given in Table 1 . Regional distributions of the SNPs identified herein were as follows: 8 in 5Ј flanking regions, 7 within coding regions, 67 in introns, 3 within 3Ј untranslated regions, and 1 in a 3Ј flanking region. Of the 86 SNPs detected in our experiments, 63 (73%) were not previously archived in the Database of SNPs (dbSNP) of NCBI.
Of the seven SNPs we detected within coding regions, five were non-synonymous: 922GϾA (Gly308Arg) in exon 3 and 1171GϾA (Val391Ile) in exon 5 of the UGT2A1 gene; 253GϾT (Asp85Tyr) in exon 1 and 1568AϾC (Lys523Thr) in exon 6 of the UGT2B15 gene; and 677CϾT (Pro226Leu) in exon 1 of UGT8. Four of these nonsynonymous substitutions were considered to be novel, the exception being the 253GϾT SNP of UGT2B15 (Lévesque et al. 1997) . All five could affect structures and/or biological functions of the respective gene products.
The overall frequencies of nucleotide substitutions in our test population (96 chromosomes) were counted as 31.4% for C/T, 25.6% for G/A, 15.1% for A/C, 10.5% for T/A, 9.3% for C/G, and 8.1% for G/T. As expected, the most common substitution was C/T (G/A) (57%); transitions occurred 1.3 times more frequently than transversions.
The 86 SNPs identified here provide genetic data that should be helpful for personalized medical care and also for identifying genes associated with drug efficacy and/or adverse drug reactions.
